Summary. The effect of long-term treatment with phenformin and metformin respectively on blood lactate concentrations in relation to submaximal muscular exercise has been examined in 21 maturity-onset diabetics, using a cross-over method. At similar degrees of diabetic control the mean blood lactate concentration during exercise and shortly thereafter was significantly higher when the patients had received phenformin.
Lactic acidosis has occurred in many patients treated with phenformin, but only occasionally in patients treated with metformin [1] [2] [3] . The metformin-associated cases in particular occurred when renal function was decreased [4] . Buformin has also been associated with lactic acidosis [5] .
Earlier investigations on lactate metabolism under different experimental conditions in humans have shown that phenformin may contribute to hyperlactataemina [3] . Comparative studies [6] [7] [8] [9] [10] [11] [12] [13] indicate that metformin has less effect on lactate metabolism than phenformin for the same hypoglycaemic effect.
This investigation was performed to determine whether a difference could be found between the effects of phenformin and metformin upon the elevation in blood lactate concentration induced by muscular exercise in diabetic patients on long-term biguanide therapy.
Patients and Methods

Patients
The investigation was carried out on 21 maturity-onset diabetics-11 men and 10 women-from four different outpatient clinics. The patients were on long-term therapy with biguanides, 13 in combi 2 nation with sulphonylureas. Characteristics of the patients are shown in Table 1 . The mean age was 58 years (range 40-69 years). 80% of the patients were overweight (ideal body weight > 110%). Eight patients had hypertension and received different antibypertensive treatment. They continued to receive the same drugs throughout. All patients had normal serum creatinine concentrations and there was no evidence of liver disease. (Fig. 1) . Before the exercise blood samples were taken for determination of the fasting glucose concentration. Urine was collected during the preceding 24 hours to determine the degree of glycosuria (Table 2) .
Analytical Procedures
Lactate concentrations were determined with an enzymatic method (Boehringer Mannheim) in blood deproteinized immediately with perchloric acid 0.6mol/l and stored at 4~ before analysis. All determinations were made m duplicate. Blood and urine glucose concentrations were determined by the glucose oxidase method. 
Statistical Methods
Results
Group I: patients switching from phenformin to metformin Group II: patients switching from metformin to phenformin Conversion: SI to traditional units -Lactate: I mmol/l ~ 9 rag/ 100 ml
The mean duration of diabetes was seven years (range 1-14 years). Eleven patients entered the study on long-term therapy with phenformin (group I) and 10 on metformin (group II). The mean duration of biguanide therapy was 17 months for metformin and 42 months for phenformin.
Experimental Design
Patients on long-term treatment with a biguanide were selected for the study. An exercise test was performed and repeated after changing to the other biguanide, with an interval of about four weeks between the two test periods ( Table 1) .
The patients were examined after an overnight fast, one hour after their morning dose of the drug. The exercise was performed on a stationary bicycle at submaximal work load ( Table 1) . The patient's individual work load varied, but was identical during the two investigations.
The doses of the two drugs used (Table 1) were 50-100 mg phenformin daily (Dibein Retard | and 1.5-3.0g metformin (Glucophage| The dose was adjusted before the second exercise test to give the same degree of diabetic control as before the first test (TaMe 2). The dose that was arrived at after the switch-over was the same, whether the patients started with pheuformin or mefformin.
Blood samples for lactate determinations were collected without stasis from an antecubital vein through an indwelling catheter.
An analysis of the results in group I and 1I separately showed that phenformin and metformin respectively had a similar effect on blood lactate levels in the two groups. Therefore these groups were then analysed jointly and the cumulated data presented. Basal and peak values are shown in Table 3 .
The basal blood lactate values for all patients were within the normal range and no difference was found between phenformin and mefformin treatment (Fig. 1) . After 10 minutes of exercise a significant difference was found, which reappeared 10 and 15 minutes after the exercise. During this period the mean blood lactate concentration was significantly higher when the patient received phenformin (P < 0.05). The difference was of borderline significance at the end of the exercise and five minutes thereafter (P < 0.10). As a whole the profile of the two curves was similar -phenformin 30% above metformin.
The cumulated data presented do not include the data from one patient originally in group II, who showed a continous increase in blood lactate after the first exercise, while all others showed a normal decrease. This patient is discussed separately.
Discussion
Since considerable variation in blood lactate concentration following exercise is known to exist [1] , the patients were used as their own controls in a crossover fashion. Submaximal work load, sufficient to produce an adequate lactate increase, was used. Although the individual work loads differed consid- P <0,05 P <0,i0 P <0110 P <0.05 P <0.05
[EXE~CIS~ ] , , ITIME erably (Table 1) , the variation in blood lactate rises was moderate. One patient showed a divergent result, which could not be explained. The patient had recently suffered from pulmonary tuberculosis and a very high pulse rate was recorded at the first exercise test. However, even if this patient were included in the total material a difference between phenformin and metformin remained.
The influence of phenformin on lactate metabolism in relation to muscular exercise has been examined previously in normal subjects as well as diabetics (14) (15) (16) (17) (18) (19) and the results of these studies were summarized by Hermann [3] and Cohen and Woods [1] . It is difficult to draw general conclusions from these studies because of the variability of lactate concentrations and dosage schedules, but in some of the studies phenformin was found to be a contributing factor in producing hyperlactataemia [ 15, 18, 19] .
With the exception of one study [19] , previous investigations of biguanides and lactate metabolism in relation to muscular exercise have been performed in patients on short-term therapy. Our patients entered the study on long-term therapy. The treatment period after cross-over to the second drug was shorter than the treatment period before the first exercise test. However, half of the patients were on phenformin at the first examination and the other half on metformin, thus making valid comparison possible.
Phillips et al. [13] compared the effects of phenformin and metformin in four normal subjects and four obese maturity-onset diabetics, during and after lactate infusion and after submaximal exercise. The study was based on a one compartment model and lactate half lives were calculated. In the diabetic patients the lactate half lives were longer than in the normal subjects. Both biguanides increased the half lives, but metformin had significantly less effect than phenformin.
Some other comparative studies have been reported with varying results. Alexander et al. [6] found that both phenformin and metformin caused hyperlactataemia during a glucose load, compared with diet alone. The effect was more pronounced with phenformin. With a fructose load, similar results have been reported in diabetics [8] , whereas no difference was found in healthy subjects [7] .
Blood lactate concentrations at rest have also been compared in diabetics receiving different antidiabetic therapy. Luyckx et al. [11] found that wellcontrolled diabetics on phenformin therapy had significantly higher fasting blood lactate concentrations than diabetics treated with metformin. The difference was even greater in patients with poor diabetic control and patients with vascular complications. Debry et al. [8] found that metformin therapy did not affect fasting blood lactate concentrations and in two other studies [9, 10] neither phenformin nor metformin caused a significant change in fasting blood lactate levels.
In a recent study Nattrass et al. [12] compared the effect of treatment for one month with phenformin, metformin and glibenclamide respectively on metabolic rhythms in six maturity-onset diabetics, using a cross-over method, but without a control period. The mean fasting blood lactate concentration was the same during the different treatment regimes, but the mean diurnal 12 hour lactate concentration was elevated during therapy with phenformin and metformin compared with glibenclamide and significantly more with phenformin than with metformin at comparable blood glucose levels.
The difference between the effect of phenformin and metformin on lactate metabolism is in accordance with the clinical fact that lactic acidosis has occurred in many patients treated with phenformin, but only occasionally in patients treated with metformin [i-4] . The metformin cases have particularly been associated with decreased renal function [4] . The reason for this difference could be the different pharmacokinetic properties of the two drugs. Phenformin has a greater tendency to fixation to cell membranes [20] and it is also partially metabolized and concentrated in the liver, while metformin is excreted unchanged in the urine [1, 2, 21] .
Addendum. After revision of this manuscript two comparative studies of the effect of biguanides on lactate metabolism have been published. Czyzyk et al. [22] found that short-term biguanide therapy had a significant effect in healthy subjects during ethanol and fructose loading as well as submaximal exercise. The differences between the three biguanides used were minimal, but the fasting blood lactate levels were significantly higher after phenforrain than after buformin or metformin. Waters et al. [231 found that the mean post-prandial blood lactate level in maturity-onset diabetics was significantly higher during phenformin and metforrain therapy than with diet alone. When given alone phenformin had a significantly greater effect than metformin, but not when given in combination with a sulphonylurea. The mean blood lactate was raised in 63% patients on phenformin alone, but only in 22% patients on metformin alone.
These studies demonstrate an effect of biguanides on lactate metabolism and indicate that metformin has less effect than phenformin.
